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REMARKS 

This is in response to the Office Action that was mailed on January 17, 
2001. Claims 1-9 are in the case. 

The sequence identifiers in the specification have been amended as 
required by the Examiner. 

Claims 1-7 were rejected under the second paragraph of 35 USC 112, the 
Examiner questioning the defmiteness of the term "substantially"' in the phrase 
"substantially not immunointeractive with human sera". One skilled in the art 
would have no difficulty in determining whether a particular polypeptide was 
substantially not immunointeractive with human sera in the sense of the 
present claims. In any case. Applicants provide extensive guidance for 
determining the substantial absence of immunointeractive, for instance in the 
specification, from line 10 on page 22 through line 29 on page 24. See also 
Example 8 on pages 34-36 of the specification. In order to further clarify this 
point. Applicants present in the IMMUNO-REACTIVITIES APPENDIX extensive 
data relating thereto. Finally, Applicants also enclose a copy of their article 
"Cloning and expression of Immunoreactive Antigens from Mycobacterium 
tuberculosis'^ Clinical and Diagnostic Laboratory Immunology , July 2000, pp. 
600-606. It is respectfully submitted that - considering the level of skill of the 
persons for whom the present application is written - the claims in their 
present form satisfy the requirements of the statute. 
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Claims 8 and 9 were rejected under the second paragraph of 35 USC 
112, due to their form of identifying sequences. The claims have been 
amended to conform to current USPTO practice, thus obviating the rejection. 

Claims 1-7 were rejected under 35 USC 102(b) as being anticipated by 
the Thybo article. The rejection is respectfully traversed. Thybo is concerned 
with serodiagnosis as such. The present invention provides new markers for 
use in serodiagnosis of TB. Thus, the present claims relate to the immuno- 
reactivity of antigens for TB, whereas the aim of Thybo's study was "to evaluate 
the value of serodiagnosis of TB by ELISA in an HIV and TB endemic region" (p. 
153). In any case, as can be seen from the "totals" rows in Tybo, the controls 
had antigen titers averaging 0.70 (0.68 + 0.72 / 2) as compared to antigen 
titers for Tybo's polypeptide averaging 1,15 (1.03 + 1.26 / 2). An antigen titer 
of 0.70 does not meet the present claims' requirement "which polypeptide is 
substantially not immunointeractive with sera from a human, animal or avian 
species not prior exposed to said species of Mycobacterium or its relative or its 
antigenic parts". Accordingly the present claims are not anticipated by Thybo. 

Conclusion 

It is believed that a full and complete response has been made to the 
Office Action, and that as such, the Examiner is respectfully requested to send 
the application to Issue. 
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In the event there are any matters remaining in this application, the 
Examiner is invited to contact Mr. Richard J, Gallagher, Registration No. 
28,781 at (703) 205-8000 in the Washington, D.C. area. 

If necessary, the Commissioner is hereby authorized in this, concurrent, 
and future replies, to charge payment or credit any overpayment to Deposit 
Account No. 02-2448 for any additional fees required under 37 C.F.R. §§1.16 or 
1.17; particularly, extension of time fees. 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




GMM/RG/clb 



P. O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 



Enclosures: Marked Up Version of Amendments 
Immuno-reactivities appendix 
Lim et al. article 
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MARKED UP VERSION OF AMENDMENTS 

IN THE SPECIFICATION: 

Please cancel the paragraph bridging pages 2-3. 

Please amend the paragraph in lines 12-14 on page 4 to read: 

Yet a further aspect of the present invention provides a polypeptide 
comprising an amino acid sequence selected from [<400>2, <400>4, <400>6, 
<400>8, <400>10] SEP ID NO:2, SEP ID NO:4, SEP ID NO:6, SEP ID NQ:8, 
SEP ID NP:10 , or an amino acid sequence having at least 60% similarity to 
any one of said sequences. 

Please amend the paragraph in lines 15-19 on page 4 to read: 

Still yet a further aspect of the present invention provides a polypeptide 
encoded by a nucleotide sequence selected from [<400>1, <400>3, <400>5, 
<400>7, <400>9] SEP ID NO:L SEP ID NO:3, SEP ID NO:5. SEP ID NP:7, 
SEP ID NP:9 , or a[n] nucleotide sequence having at least 60% similarity to any 
one of said sequences or a nucleotide sequence capable of hybridizing to any 
one of said sequences under low stringency conditions at 42°C. 

Please amend the paragraph in lines 25-27 on page 10 to read: 

The present is particularly exemplified in relation to Mycobacterium 
antigens B.4, B.6, B.IO, MMP and C17 having amino acid sequences and 
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corresponding nucleotide sequence as set forth in [<400>1, <400>3, <400>5, 
<400>7, <400>9] SEP ID NO:L SEP ID NO:3. SEP ID NO:5. SEP ID NO:7, 
SEP ID NP:9 respectively. 

Please amend the paragraph in lines 1-3 on page 11 to read: 

Accordingly, another aspect of the present invention provides a 
polypeptide comprising an amino acid sequence selected from [<400>2, 
<400>4, <400>6, <400>8, <400>10] SEP ID NP:2, SEP ID NP:4, SEP ID NP:6, 
SEP ID NP:8, SEP ID NP:10 or an amino acid sequence having at least 60% 
similarity to any one of said sequences. 

Please amend the paragraph in lines 4-7 on page 11 to read: 

Yet a further aspect of the present invention provides a polypeptide 
encoded by a nucleotide sequence selected from [<400>1, <400>3, <400>5, 
<400>7, <400>9] SEP ID NP:L SEP ID NP:3, SEP ID NP:5, SEP ID NP:7, 
SEP ID NP:9 or a[n] nucleotide sequence having at least 60% similarity to any 
one of said sequences or a nucleotide sequence capable of hybridizing to any 
one of said sequences under low stringency conditions at 42°C. 

Please amend the paragraph in lines 8-11 on page 1 to read: 

Even yet a further aspect of the present invention provides a nucleotide 
sequence selected from [<400>1, <400>3, <400>5, <400>7, <400>9] SEP ID 
NP:1, SEP ID NP:3, SEP ID NP:5, SEP ID NP:7, SEP ID NP:9 or a[n] 
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nucleotide sequence having at least 60% similarity to any one of said 
sequences or a nucleotide sequence capable of hybridizing to any one of said 
sequences under low stringency conditions at 42°C. 

Please amend the paragraph in lines 16-21 on page 36 to read: 

Nucleotide sequences and corresponding amino acid sequences were 
determined for antigens B.4, B.6, B.IO, MMP and C17 and are shown in 
[<400>1, <400>3, <400>5, <400>7, <400>9] SEP ID NO:L SEP ID NQ:3, SEP 
ID NO:5, SEP ID NP:7. SEP ID NP:9 respectively. 



IN THE CLAIMS: 



Please cancel claims 10-26, without disclaimer of their subject 
matter or prejudice to reassertion in this or a continuing application. 

Please amend claims 1-9 to read: 

1. (amended) An isolated polypeptide or a derivative, homologue, 
analogue^ or functional equivalent thereof wherein said polypeptide is 
obtainable from a species of Mycobacterium and which polypeptide is 
immunointeractive with sera from a human, animal or avian species exposed to 
said species of Mycobacterium or its relative or antigenic parts thereof but 
which polypeptide is substantially not immunointeractive with sera from a 
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human, animal^ or avian species not [prior] previously exposed to said species 
of Mycobacterium or its relative or its antigenic parts. 



2. (amended) The [An] isolated polypeptide according to claim 1 wherein 
the species of Mycobacterium is selected from Mycobacterium [is M.j 
tuberculosis, Mycobacterium avium, Mycobacterium microti, Mycobacterium 
leprae, Mycobacterium lepraemurium, Mycobacterium paratuberculosis, 
Mycobacterium ulcerans, Mycobacterium marinum, Mycobacterium smegmatis, 
Mycobacterium intracellulare, Mycobacterium xenopi, Mycobacterium chelonei, 
Mycobacterium fortuitum, Mycobacterium farcinogenes, Mycobacterium flavum, 
Mycobacterium haemophitum, Mycobacterium kansasii, Mycobacterium phlei, 
Mycobacterium scrofulaceum, Mycobacterium senegalense, Mycobacterium 
simiae, Mycobacterium thermoresistible, and Mycobacterium xenopL 

3. (amended) The [An] isolated polypeptide according to claim 2 wherein 
the species of Mycobacterium is M. tuberculosis, 

4. (amended) An isolated polypeptide or a derivative, homologue, 
analogue^ or functional equivalent thereof wherein said polypeptide is 
obtainable from M. tuberculosis or a related organism and which polypeptide is 
immunointeractive with sera from a human previously exposed to M 
tuberculosis or an antigenic extract therefrom but is substantially not 
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immunointeractive with human sera not previously exposed to M. tuberculosis 
or an antigenic extract thereof. 

5. (amended) The [An] isolated polypeptide according to claim 4 wherein 
the human exposed to M tuberculosis has active pulmonary or extra- 
pulmonary tuberculosis. 

6. (amended) The [An] isolated polypeptide according to claim 4 or 5 
wherein the polypeptide has a [molecule] molecular weight of from about 5 kDa 
to about 100 kDa. 

7. (amended) The [An] isolated polypeptide according to claim 6 wherein 
the molecular weight is selected from about 10 to 20 kDa, 28 to 38 kDa, 38 to 
48 kDa, 53 to 63 kDa^ and 55 to 65 kDa, 

8. (amended) An isolated polypeptide comprising an amino acid sequence 
selected from [<400>2, <400>4, <400>6, <400>8, <400>10] SEP ID NO:2, SEP 
ID N0:4. SEP ID NO:6, SEP ID NO:8, SEP ID NO:10, or an amino acid 
sequence having at least 60% similarity to any one of said sequences. 

9. (amended) An isolated polypeptide encoded by a nucleotide sequence 
selected from [<400>1, <400>3, <400>5, <400>7, <400>9] SEP ID NP:L SEP 
ID N0:3. SEP ID NP:5, SEP ID NO:7, SEP ID NP:9, or a[n] nucleotide 
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sequence having at least 60% similarity to any one of said sequences or a 
nucleotide sequence capable of hybridizing to any one of said sequences under 
low stringency conditions at 42°C. 
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IMMUNO'REACTIVITIES APPENDIX 



Exp rim ntal Background 

Sera Specimens . A total of 427 human sera specimens were used in this 
study. Control groups consisted of 178 healthy individuals, 29 individuals with 
non-TB respiratory disease (ie. lung cancer and asthma), and 109 individuals 
with inactive TB. All the inactive TB patients exhibited tuberculin skin test 
positive (PPD +ve), and acid fast stain (AFB) of sputa and bacteria culture 
negative. The test group consisted of a total of 111 sera specimens from 
patients with active TB confirmed either by chest X-ray or bacteriologically by 
culture or sputum AFB smear tests. The extrapulmonary TB sera were 
confirmed by histological analysis and/ or bacteriological culture. These sera 
specimen were also tested against 2 commercially available TB diagnostic kits, 
Tl and Tl. All sera were aliquoted and stored at -70oC until use. 

Immunoblot analysis of recombinant antigens . Western blots were prepared by 
the conventional SDS-PAGE electrophoresis on Tris-HCl 2D preparative ready- 
gels (BioRad, Hercules, CA) and subsequently the electrophoresed antigen (10 
|ug per gel) were Western blotted onto Hybond'^'^-C nitrocellulose membrane 
(Amersham Life Science, Little Chalfont, United Kingdom) as described 
previously. After transfer, the membranes were blocked in 5% skimmed 
milk/ TEST, air-dried and stored at until further use. 

The membranes were cut into 3 mm wide strips for testing against the 
TB sera panels. Screening was carried out in slot trays containing 1 ml of 
diluted serum specimen (1:100 in 1% skimmed milk/TBST [10 mM Tris, pH 
7.5, 300 mM NaCl, 0.005% Tween 20]) per lane, for 1 h with rocking at room 
temperature (18-25^0). The strips were then washed 4X in TBST followed by 
incubation with alkaline phosphatase conjugated Goat anti-human Ig (Harlan 
Sera Lab, Loughborough, United Kingdom) (1:1000 in 1% skimmed milk/TBST) 
for 1 h with rocking at room temperature. The strips were again washed in 
TBST (4X), allowed to develop in 1 ml of NBT/BCIP substrate (BioRad) for 4 
min and subsequently, the reaction was stopped by washing in ddH20 (4X). 
Positive controls consisted of a strip probed with a positive serum specimen, 
reactive to the recombinant protein antigens, and a second strip probed with 
the commercially available anti-RGSHis probe (Qiagen). Reactivity of 
recombinant protein to sera specimens was interpreted based on the density of 
band obtained on a densitometer, X-Rite® 400 (measuring range 0.00D-2.5D; 
X-Rite Inc., Grandville, MI). 

ELISA assay . Micro titer plates (Medium binding type II EI A strip plate; Corning 
Costar Corporation, Corning, NY) were coated overnight at room temperature 
with 100 |il/well of diluted antigen in 0.05 M sodium carbonate buffer, pH 9.6. 
The optimized coating concentrations per well for the antigens. Antigen Seq. ID 
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2, 4, 6, 8, 10 and 38-kD were 0.05, 0.065, 0.025, 0.10, 0.025 and 0.029 ^g 
respectively. After two washes with wash buffer [0.05% Tween 20 in 
phosphate-buffered saline (PBS), pH 7.4], the coated plates were blocked with 
200 jil/well of blocking buffer [1% bovine serum albumin (BSA) (Sigma, St 
Louis. Mo), 2.5% sucrose (Sigma) in sodium carbonate buffer] for 2 h in room 
temperature. After incubation, the plates were emptied, dried and 
subsequently stored at 2-8°C until further use. 

For the assay, 100 i^l diluted (1:51) sera specimen with the sample 
diluent, 1:25 v/v normal Goat Serum (Gibco BRL Life Technologies, Inc., Grand 
Island, NY), 0.05% Tween 20 (Sigma), 0.02% Thimerosal (Sigma) and 0.3 ml/L 
phenol (Sigma) in PBS pH 7.4, was added to each well and incubated either for 
20 min in room temperature (Seq. ID 8 and 10) or for 1 h in 37°C (Seq.ID 2, 
B.4, B.6 and 38-kD). After incubation, the wells were washed 3X with 200 ^il 
wash buffer (0.05% Tween 20, 0.02% Thimerosal and 0.3 ml/L phenol in PBS 
pH 7.4). In the following step, the wells were filled with 100 |il of diluted 
(1:5,000 for Seq. ID 2; 1:6,000 for Seq. ID 4; 1:8,000 for Seq. ID 6 and 8; 
1:10,000 for Seq.ID 10; and 1:5,000 for 38-kD antigen) Horseradish 
peroxidase-conjugated Goat Anti-Human IgG, FCy fragment specific (Jackson 
ImmunoResearch Laboratories, Inc., West Grove, PA) in a conjugate diluent 
[1:4 (v/v) Fetal Bovine Serum (Gibco BRL), 1:10 (v/v) Glycerol (Sigma), 0.05% 
Tween 20, 0.02% Thimerosal and 0.3 ml/L phenol in PBS pH 7.4] and 
incubated either for 20 min in room temperature (Seq, ID 8 and 10) or for 30 
min in 37°C (Seq.ID 2, 4, 6 and 38-kD). The wells were washed 3X after which 
100 ^xl of one-step TMB (3,3', 5,5'-tetramethylbenzidine) substrate (Dako 
Corporation, Carpinteria, OA) was added to each wells followed by incubation 
either for 10 min in room temperature (Seq. ID 8 and 10) or for 15 min at 37°C 
(Seq. ID 2, 4, 6 and 38-kD). The enzymatic reaction was stopped by the 
addition of 100 )j,l of 1 N sulfuric acid. Absorbance was read within 15 min in 
an ELISA reader (Spectra, TECAN Austria Ges. m.b.H, Grodig, Austria) at 450 
nm with 630 nm as a reference. Blank wells, negative and positive control sera 
specimens were included in each plate. All the sera specimens were analyzed in 
duplicate. 

Cutoff values. Evaluation of diagnostic specificity for the antigens were 
based on a positive score represented by antibody titers (interpreted as 
densitometer units, D, for Western blot and optical density, CD, for ELISA) 
above the cutoff values calculated based on the means of a control group of 
healthy individuals (n = 30, BioClinical). On the ELISA assay, the cutoff values 
were defined as mean CD plus multiples of standard deviations obtained for 
the control group (Table). The cutoff values were calculated individually for 
each antigen. With the ELISA format, the number of standard deviations above 
the mean CD used is shown in footnote in the table. On the Western format, 
the cutoff were also calculated individually for each antigen, based on the 
mean of density (D) observed for the 30 normal sera from Bioclinical Inc. 



17 




Application No.: 09/461,774 

Commercial TB diagnostic kits. As a comparison, all the sera specimens 
were also screened using two commercially available TB diagnostic kits. An 
immuno-chromatography-based TB diagnostic kit (Tl), ICT Tuberculosis (ICT 
Diagnostics, Brookvale, NSW, Australia) and an ELISA test kit (T2), 
PATHOZYME-TB Complex plus (Omega Diagnostics Limited, Alloa, Scotand, 
United Kingdom) were used. 

Statistical Analysis, Assay sensitivities, specificities, positive and 
negative predictive values were calculated using the statistical software. Win 
Episcope 1.0 (Borland International Inc., Scotts Valley, CA). Distribution plots 
were generated using the GraphPad Prism 2.01 software. 

The percentage of reactivity for the recombinant TB antigens with 
different sera specimens as observed on the Western blot and ELISA 
assays is shown in the Table. Also shown is the percentage of sera 
specimens detected positive by the commercial TB diagnostic kits (Tl & 
T2), 



Antigen 

Sequence 

ID 


Theoretical 

Molecular 

Weight 


Observed 

Molecular 

Weight 


Healthy 

Controls 

(n=178) 


Active 
TB 

(n=lll) 


Inactive 
TB 

(n=109) 


Lung 

Cancer 

(n=19) 


Asthma 
(n=10) 


ppVa 


NPVb 


(a) W stern Blot Assay 


Seq. ID 2 


55.8 


56±3 


9.0 


29.7 


12.8 


10.5 


10 


67.4 


67.5 


Seq. ID 4 


55.0 


55±3 


8.4 


25.2 


12.8 


5.3 


0 


65.1 


66.3 


Seq. ID 6 


32.9 


33±3 


2.2 


19.8 


4.6 


5.3 


10 


84.6 


66.2 


Seq. ID 8 


16.1 


16±3 


2.8 


27.0 


21.1 


0 


0 


85.7 


68.1 


Seq.ID 
10 


37.5 


38±3 


12.9 


17.1 


7.3 


0 


0 


45.2 


62.8 


38-k:D 


NA 


NA 


16.8 


44.1 


31.2 


10.5 


10 


62.0 


70.5 


Tl* 


NA 


NA 


7.3 


63.1 


44.0 


10.5 


0 


84.3 


80.1 


(b) ELISA assay 


Seq. ID 2 


55.8 


56+3 


6.7 


42.3 


7.3 


10.5 


0 


79.7 


72.2 


Seq. ID 4 


55.0 


55+3 


1.7 


25.2 


4.6 


0 


0 


90.3 


67.8 


Seq. ID 6 


32.9 


33±3 . 


6.2 


19.0 


7.3 


0 


0 


65.6 


65.0 


Seq. ID 8 


16.1 


16±3 


6.7 


35.1 


22.0 


15.8 


0 


76.5 


69.8 


Seq.ID 
10 


37.5 


38±3 


12.4 


7.2 


12.8 


5.3 


0 


26.7 


60.2 


38-kD 


NA 


NA 


1.7 


53.2 


18.4 


10.5 


0 


95.2 


77.1 


T2* 


NA 


NA 


2.2 


44.1 


30.3 


0 


0 


92.4 


73.7 



On the Western assay (detecting for human Ig), the cutoff values were: >0.04D 
for Seq. ID 2 and Seq. ID 4 band; >0.04D for Seq. ID 6 and Seq. ID 8 band; 
>0.15D for Seq. ID 10 band; and >0.15D for 38-kD band. On the ELISA assay 
(detecting for human IgG), the cutoff values were: 0.52 (Mean+4SD) for Seq. ID 
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2; 2.14 (Mean+3SE)) for Seq. ID 4; 0.53 (Mean+4SD) for Seq. ID 6; 0.09 
(Mean+2SD) for Seq. ID 8; 0.10 (Mean+3SD) for Seq. ID 10; and 1.06 
(Mean+3SD) for 38-kD. 

»PPV, positive predictive value, P >0.05; ^NPV, negative predictive value, P 
>0.05 

* Tl and T2 commercial kits make use of combinations of 5 and 2 different 
antigens, respectively. 
NA= not applicable. 
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Cloning and Expression of Immunoreaiijtive Antigens from 
Mycobacterium tuberculosis 

RENEE LAY HONG UM,'-" U iOANG TAN,^ WAl FUN LAU,^ MlibcEY CHING MING CHUNG,'-^ 
ROSEANNE DUNN.H HENG PHON TOO,^ anIII; LILY CHAN' 

Bioprocessing Technology Centre^ and Department of Biochemistryy^ The Naiional University of Singapore, Singapore 
Received 1 December 1999/Retumed for modification 8 Febnia^' llOOO/Accepted 4 April 2000 

Four fmmunoreactlve proteins, B,4, B,6, B,10, aii<J B.M, with moleoiiilar weights ranging from 16,000 to 
58,000, were observed from iinmunoblots of Mycobacterium tuberculosis iiptal lysates screened with sera froni 
individuals with active tuberculosis. These proteins were Identified from iijiicrosequence analyses, and genes of 
proteins with the highest homology were PGR amplified and cloned iiiito the pQE30 vector for expression 
studies* In addition, a 37.5'^kDa protein^ designated €17, was identifier!' from a phage expression library of 
Af. tuttercuksis genomic DNA. Preliminaty immunoblot assays indicated ifjiat these five resultant recombinant 
proteins could detect antibodies in individuals with active pulmonary aj|d e^ttropulmonaiy tuberculosis. The 
overall ranges of sensitivities, specificities, positive predictive values, aiijd negative predictive values for the 
recombinant antigens were ZO to 58, 88 to 100, 69 to IQO, and 56 to 71%, ikspectively. The B.6 antigen showed 
preferential reactivity to antibodies in pulmonary compared to nonpuimlijnary tuberculosis serum specimens,, 
All of these recombinant antigens demonstrated potential for serodiagnillsis of tuberculosis. 



Tuberculosis (TB) la a major health problem in th6 devel- 
oping world as well as a disease which is reemerging as a major 
healdi threat in the developed world (6). World Health Orga- 
nization (WHO) statistics indicate that one-third of the world's 
population is currently infected (34). TB is rated the second 
most common infectious disease and has the highest mortality 
rate of any infectious disease in the world. Currently there are 
30 million cases of active TB worldwide, with approximately 8 
million new cases and 3 million deaths reported amiually. in 
addition, 50 million people may already be infected witli mul- 
tidrug-resistant (MDR) strains oi Mycobacterium tuberculosis, 
A high prevalence of TB is also associated with human immu- 
nodeficiency virus (HIV) infection and AIDS and is now be- 
coming the leading cause of death among HIV-positive indi- 
viduals, with a fatality rate of 80% (34), 

Control of this disease revolves around good patient care 
and management. In particular, early detection and treatment 
of tuberculosis can limit transmission of the bacilli. Conven- 
tional tests for the diagnosis of tuberculosis include chest X- 
ray, direct sputum smear for acid-fast bacilli, culture test, and 
the skia tuberculin PPD (purified protein derivative) test (29), 
Among these, the culture method is time-consuming but reli- 
able. PGR and nucleic acid-based methods for detecting M, 
tuberculosis DNA sequences require complex equipment and 
highly skilled staff, and they are expensive and unsuitable for 
routine diagnostic testing in developing countries (5), Rapid 
serological diagnostic tests such as the enzyme-linked unmu- 
nosorbent assay (ELISA) and membrane chromatography 
tests, in contrast, are simple and inexpensive, and the latter can 
be point-of-care devices (3). A major problem encotmtered In 
serological techniques is the specificity and reactivity of anti- 
gens used. A majority of Af. tuberculosis antigens studied to 
date have homology with analogous proteins of environmental 



* Corresponding author. Mailing address; Bioprocessing Technol- 
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65-775 4933. E-mail: btclimr@nus.edu.sg. 

t Present address: Department of Cell and Molecular Biology, Uni- 
versity of Technology, Sydney. NSW, Australia. 



mycobacteria aii. other bacteria, resulting in unspecific reactiv- 
ity to antibodieirin patients with inactive TB or nontuberculous 
mfections (8, 211^). Hence, positive test results produced by 
these known am ;i gens are generally unreliable, and supplemen- 
tary tests are reij|uired to confirm tuberculosis infection. It was 
shown that the iise of recombinant M tuberculosis andgens of 
specific purity iijr particular epitopes may enhance the speci- 
ficity and sensitiliiTity of serological testing for TB when used in 
a panel of rec(;!iinbinant antigens (1), Rapid diagnostic tests 
that are specifiji; and sensitive would be useful In both sero- 
epidemiological! ;and clinical studies pertaining to tuberculosis 
control and pre^fention. In this report, we describe the identi- 
fication, isolatiili'n, and characterization of five recombinant 
antigens from^lj tuberculosis for use as serodiagnostic markers 
for tuberculosis! . 

.■ MATEMALS ANP METHODS 

^^, tuberaUosis toj.Jil-proteln extraction. tubercuhsis cells (ATCC 27^^) 
were cultured in M)!!;DFlasks (Gibco, BRL) contaifiing Lowenateih-Jcoseii me- 
dium at 3TC with CO2 in a humidified incubation chqmber (Jouan IG/50 
modal). Confluent qiills from six ojttur© flaaks were harvested by adding 3 ml of 
Middlebrook 7H9 ni[?diutn (Difco Laboratorica, Detroit, Mich.) into each flask 
and gently teWng lihc spruce of the fl*usk. Dislocated cells were placed into 
sterile ptasric tubes (ilfalcon), and cells were pelleted by centrifugqtian at 1,100 X 
g for 5 min. Cells w<|ifc washed once in an equfll volume of distilled HaO before 
being resuspended i;|i.an equal volume of distilled H3O. The cell syapcnsfon wos 
then heated to Wj^for 2 h and frozen at -20*C overniglit. Cells were then 
thawed on ice and ptljlleted by centrifugQtion at 20,000 X g for 10 min, Extraction 
of total protein was^iertbrmed by adding 500 nl of 8 M urea solution to 03 g of 
cell pellet, vortexinjirtlie cell suspension at room tetnpcTature for 20 min, and 
heating it ot 90°C fci|'; 2 min. Insoluble cellular debris was removed by ccntrtfu- 
gation at 20,000 x j| 'for 10 min, and the supernatant containing the extracted 
total protein was ke(i,t at -20*C untU further use. 

Western blot and|(sis. The total-pTotcrn extract of Af, tubereidosU was frac- 
Uonated on a sodiuutj dodecyl suIfate-7.5% pofyacrylamide gel electrophoresis 
(SDS-7,59& PAGE);jieI (20) and cransferred onto a nitrocellulose membrane by 
Western blotting (3,1 ji. Strips from the immunoblot were probed against pooled 
positive (tested poaliijvft by skin PPD und culture) and negative sera from nine 
individuals with acti^ifi TB and seven heatthy individunls, respectively. Incubation 
with pooled sera (l;;tl>0 in 1% sidm milk-TBST [10 mM Tris, pH 300 mM 
NaCl 0.0059& ^^vee.^i:20)) was canied out with rocking for 1 h at room temper^ 
ature. The blots weitji then washed four times In TBST before incubation with 
alkaline phosphfltas<lk:onJugatecl goat anti-human Immunoglobulin (Tg) (Hariah 
Sera Ub, U)ughboniiiigh. United Kingdom) (1:1000 in \% skim milk-TBST) for 
another I h. The sHilps wens again washed four times in TBST followed by 
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HG. 1. (1) Gel-purified and concentrated M, tuUrcuIosis protein antigens (1, 2, 3, 4> 5, 6, 7, 8, and 9);t?lotted onto PVDF membranes were excised for N-termin^t 
sequencing. (II) These protein pntigena were blotted onto nitrocellTilose membranes «nd frnmunosctjiened pgajnst pooled nennat (N) and actlve-TB (A) sera, 
respectively. Poaltivc bands (arrows) were observed with A but not with N, i . 



incubation in 1 ml of broraoohloroindolyl phosphatc-nitrobluc tctrazoiium sub- 
strate (NBT-BCIP; Blo-Rad) for 4 min. The reaction wai stopped by washing 
four times in distilled H^O. 

N-tcnnlnal scqueodng, Individual protein bands (which were shown to react 
positively in the iitimunoscrecning experiment) were excised from several pre- 
parative SDS-7.5% polyacrylamide gels and concentrated by reclcctropborcws 
(constant current of 18 iriA at TC) on a long stacicing gd(7 cm of A% Ktacking 
gel, 5 cm of 10% resolving QcX), The concentrated protein bands were blotted 
onto q polyvinyiidcne difluorlde (PVDF) membrane (Bio-Rad), stained with 
Coomassie brilliant blue R-250 (Sigma, St- 1-ovis, Mo.), and excised for N- 
tcrmlnal mlcroseqvencing. The protein bands were also blotted onto Hybond-C 
nitrtceliulose merobrancfi (Amersfiam Life Science, Little Chalfont, United 
Kingdom) for valicjatlcn by inamunoscreening using the same pooled sera sam- 
ples as described above. 

Screening of a phnge c^^resaion library, An oatprcssion library of £coKI- 
restricted genomic DNA of M- tubercuhiis was constructed in lambda ZAP 
Phage expression vector* according to the protocol by Stratagenc (ZAP Express 
cDNA Syntheavj kit manual, Stratagene Qoning Systems, 1998), The resultant 
library has 98% recombtnante (2 x 10^ PFU/ji.g arms) and insert sizes ranging 
ftom 0.7 to 2 kb, A ittwn of XLl-MRF' liost cells Infected with about 2 x 10^ 
FPU of the phage stock was prepared on a 150-mm plate and Incubated for 6 to 
7 b at 42*C The lawn was then overiaid with a Hybood-C nitrocellulose mem- 
brane (Amersham) presoaked in I mM isopropyl-p-D-thiogalactopyranoside 
(IPTG) for induction of protein expression by further incubation at 3TC for 4 h. 
Hie plate and membrane wore indexed for matcliing corresponding plate and 
membrane position. Approximately 0,4 x 10'' plaques were screened, and as a 
negative control, a lawn of host cells infected with 2 X Iff* PFU of the nonre- 
combinant lambda ZAP phage was used instead. 

After transfer, membranes were washed twice in TEST buffer and blocked jn 
5% skim milk-TBST, Pooled .sera from four Individuals with active TB and from 
four healthy individuals were preabsorbed overnight, against ncgathe-comrol 
membranes. Membranes from the expression library were incubated with the 
preabsorbed human sera for 2 h with rocking at room temperamie, followed by 
three washes In TEST. A secondary antibody of alkaline phosphatase-conjugated 
goat anti-human Ig (diluted l:l,fl00 1% skim milk-TBST) was added to the 
membranes and allowed to incubate for 1 h. After a final wash, oolorimetric 
detection was performed using NBT-BCIP substrate as described previously. 
Positive plaques were cored out, and recombinant phage was eluted in SM buffer 
containing 2% chloroform (Stratagene manual); These were rcplated at ebout 
100 to 200 PFU on 82-mm plates for sccondeiy and tertiary screenings using the 
same preabsorbed pooled sera. Positive recombinant phage clones from tertiary 
screenings were subjected to pBIucScript SK plasmid excision using helper 
phage, and recombinant plasmids were DNA sequenced using the forward T3 
primer (Stratagene manual). 

Qoning and cxpre«sion «f Af« tuhtreuloxis antigens, Synthetic oligonucleotides 
were designed for PGR and cloning of the 8,4^ B.6, B.IO, B.M, and C17 genes, 
including a known 38-kDa antigen (2). M, tuberculosis genomic DNA was ex- 
tracted as previously described with a few modifications (7), The PGR mbcture 
contained 0.1 ^.g of Af, tubcrcuhsU genomic DNA 50 pmol of synthetic oligo- 
nucleotides (Genset, Singapore), 10 \il of GC-melt (from die Advantagc-GC 
Genomic PCR kit [Qontech. Inc.. Palo Alto, Caiitj, 5 M of lOx Expand High^ 
Fidelity DNA Polymerase buffer (containing MgCl^), 0.2 mM dcoxynucleoaide 
triphosphates (dNTPs), 0,75 U of Expand High-Fidelity DNA Polymerase 
(Bochrlngcr GmbH, Mannheim* Germany), and distilled H;0 to a total reaction 
volume of 50 n4. PCR amplications were .carried out in a DNA PTC-lOO thermal 
cycler (MJ Research, Watertown, Mass,) under the following conditions; 94'C 
for 2 mm; 9 cycles of 94*C for 15 s, 55*C for 30 s, and 72*C for 1 mIn; 19 cycles 
of 94'C for 15 s, 55'C for 30 s, and ITX: for 1 min plus 20 s per cydc; and a final 
exienskm step at 72"C for 7 mtn. 

PCR products were Initially cloned Into pGEM-T Easy vector (Promega, 



Mddlson, Wis.) and 'subsequently subcloned into pQPO expression vector (Qia- 
gen» Inc., Valencia Calit), DH5a and Epicurian CoU XLIO-Gold (Stratagene) 
£1 coif cells were Mil wi for cloning and maintenance of plasmid DNA vector and 
recombinant plasnjld DNA, whereas M^^ E coH cells (Qiagen) were used for 
expression studies, iPransformation of plasmid DNA into£, co/i ceils was done by 
a heat shock mcth<:r4 as described by Grouse et al, (13), Plasmid DNA extraction 
was performed uaiii % the Wizard Midi and Mlniprep DNA purification systems 
(ftomega). DNA stt quencing was carried out on an Automated DNA Sequencer, 
model 373A (PerJdu-BImcr Applied .Biosystems, poster Oty, Calif,) using the 
forward (S^GAAT.fCATTAAAGAGGAGAAA-a') and reverse (S'-CTTCTG 
AGGTCATrACT(l-*G-3') primers of the pQE3Q v&cior and primers synthesized 
based on internal l|;iquences obtained from DNA sequencing of the TB genes. 
Recombinant pTotjl Ins were expressed as NH2-tenninalIy polyhistidine-tagged 
fusion proteins an<| purified from the Mia £. coil cell extracts to near-homoge- 
neity 1^ Ni-nitrilotnacctic acid (NTA) affifiity chromatography (Qiagen, The 
QIAoxpressionifit, ed„ July 1997), Quantitation of recombmant proteins was 
carried out using ilje DC Protein Assay Kit (Bio-Rad). SDS-PAGE gels for 
visualization were juained either with Coomassie brilliant blue R-250 or with 
siWer stain (27), i 

SDS-PAGE and '|Vcstcrn blotting of A/, tubermhsis recombinant antigens. To 
malnuin consifitenj:y, Tris^HO two-dimensional (2D) preparative ready gels 
(Bio-Rad) were usi| d for Western blotting. A total of 10 )a,g of purified recom- 
binant antigen wafl subjected to SDS-PAGE and Western blotted onto Hy- 
bond-C nitrocelluldue membranes (Amentham) using the Bio-Rad TransBlotter 
(according to the dianufacturcr's protocol). After transfer, the membrane was 
blocked in 5% stenl-railk-TBST, air dried, stored at 4''C until further use. 
' Immunablol aniillyala of recombinant antigens. E^ch membrane containing 
Western-blotted an|rigen was cut into strips of 3-mm width (a total of 23 strips 
from each blot), d each strip was used for screening with a scrum specimen. 
One strip was used as an internal positive control probed with a positive serum 
specimen that is rci ntive to the recombinant protein antigens, A second strip was 
probed with the eoi imerclally available anti-RGS His probe (Qiagen). Screening 
was carried out bjii incubating each strip in trays with 1 ml of diluted serum 
specimen (1:100 in :i% akim milk-TBST) per well for 1 h with rocking at room 
temperature. The trips were then washed four times in TBST, followed by 
incubation with alll-iline phosphatase-conjugated goat antl-hum^n Ig (Harian 
Sera Lab) for 1 h;with rocking at room temperature. The strips were again 
washed four times Id TBST and then allowed to develop In I ml of NBT-BCIP 
substrate ^io^Radj for 4 min. The reaction was stopped by washing four times 
in distilled H3O, > 

WcFtcm blot &cqi'P< The reactivities of recombinant proteins to serum speci- 
mens were interpT^l.pd based on the intensities of bands obtained on an X'Rite 
400 densitometer Cl;!-Rlte Inc., Grandvillc Mich.). Tlie cutoff values (expressed 
as deofiities) for ea<ill individual recombinant aorigen were determined based on 
the range observe d|:for normal serum specimens. 

Serum spedmenij . A total of 139 human sera were used in this study, of which 
119 aeium spedmms were purchased from BioQlnicel Partners, Inc., Franklin, 
Mass., whereas 20;'Vero donated by healthy laboratory workers. The control 
groups consisted ot! two panels, (I) a panel of 50 serum specimens from healthy 
individuals, of whqi'b 20 (laboratory -workers) had been Mycobacterium boyis 
BCG vaccinated prpviousty and 30 (BioCUnical) had unknown BOG status, and 
(il) a panel of 19 si rum specimens (BioClinica]) from Individuals with non-TB 
respiratoiy disease j Jung cancer). 

The test group aj-nsisted of 4S* scrum specimens (BioCUnical) from bacteria- 
logically confirmed' derive TB patients and 22 serum specimens (BioClinlcal) 
from patients with , ^active TB. The aetive-TB serum specimens comprised 28 
from pulroonary-TE and 20 from extrapulmonaiy-TB patients. Scrum specimens 
from the inactive-T '\ panel wore from patients with positive PPD skin tests but 
negative add-fast stlLlns of sputum and bacterial culture. All sera were aliqaoted 
and stored at -70^:: before use. 
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Kelative molecular 


N-tcnnmal &eqyencc 


lirfatch (NBCl)" 


size (kDa) 
--58 

--48 


SKLIEYDELALEAME 
AEVDAYKFDPDAVD 

METDILAVAAP 
ATTLPVQRHDARL 


dh: .SKuiYDETARBAME.; S5.7 kDa; OroELl/protein Cp„60 (18, 30); pID = 
X6035Q (80% ma tell) .^rt*»H nrntease has sienal sequencij, very similJvr 
to three protcases/pepndases from smptotnyces, piu >-"■' 
db"*:.SvDLU>U5AP.„; 33 kDa; m:,^ocerosic ,cld synthase, pID = gl49978; M9580J 
db^-ffivoSffRSU 14/16 kDa (Zi V nU> = «244562; M76712 (69.0% match) ■ 


' " Proteins showine the higbcst homology to the M, 
db, database; plD, protein jdontification. 


ubercuhfis proteins excised far N-t«rminal sequimeing ure shown. 



Inc.). 

RESULTS 

Identification and Isolation of M. (ubermlosis antigens. Im- 
tnSlot^alysis of Af. tuberculosis total protems revealed 
SkLdsw^ch reacted ^vith the pooled actWes^^^^^^^^^^ 

the pooled normal sera. When the respective bands ww 
:S?cenffi on a long stacking g?|. «;f„^„^',, ^^^^^^ 
Wotted these bands were reactive with the pooled active sera 
Sut not S Poded normal sera, thus confirming the auAen^ 
of ti^ese excised proteins as those W«^y "b?^"*^.^^^^^ 
primary screening (Fig. I). These proteins were identified by 
CS searcbls agtinst protein sequence databases, wh^ch 
a hSh percentage of homology '°Mycob<^f^mlp^^m 
^able 1) PGR primers were designed to isolate and clone the 
S coding for f^r proteins (B.4. B.6. B.IO, and B,M) which 
gve th^ Sest matches based on a BLAST homology search 
atrftinst the SwissProt database. 

"'SoS^nSy, primary screening of the ph^eyXcrs^ 
library gave eight reactive phage recombmants. of wh'^ ^« 
were fwther confirmed positive by secondary and tertiary 
SeenS^(Fig. T^i^J clones were subjected to plasnud 
mA exdsion. and restriction <^"f f 
indicated that all the clones contained a 2'^^ insert. DNA 
sequencing revealed that all the clones were identica^, having a 
U61.kb oW reading frame (hi frame with the vector s ATG 
in tiation Sidon) which coded for a proline-nch- protein. A 
sZnary of all five IB antigens, with the respective gene s^es. 
theoreti^ molecular masses, and pi values js shovm m T^le2. 

Expression and purification of recombinant «n"8«»«- 
pression was detected by 

these antigens usmg the commercial "^^J-K S« I? B m" 
The levels of expression observed were ^>gh for the BA B^M, 
and 38-kDa protems, moderate for the B.6 and B.10 protems, 
^d low for t^he C17 protein (Fig. 3). AH of these te<^mbmam 
proteins, except for C17. were present in the insoluble fracuon 
of an SDS-PAGE analysis (data not shown), fad'catmg that 
these proteins formed inclusion bodies and "js°luble^ 
such, these recombuiant protems were Punfied by Ni-NTA 
affinity chromatography in 8 M urea, and SDS^ AGE f^r<> 
file of the purified antigens subsequently used for immunoblots 
Tsho^ in Fig. 4. The approxhnatc jaelds of lecoinbman 
LtSens purified throughNi-NTAwere 36 mgfliterforB.4 0.5 

3er for B.6, 0.2 mgAiter for B.10. 15 mgAiter for B.M. <0.1 
S e for C17. and 10 mgrtiter for the SS-kDa protem. 



ReactivitiHi of the recombinant antigens o TB senm spec- 
imens. The different reacthaties ot recombinant TB anhgens 
onTmmunoblot strips probed with s^rum specmie^ and ann- 
RGSHis are shown b Fig. 5. The respective cutoff values for 
detwmtotogii'eactivity to the different recombtaant anUge^ 
wS obtain.il based on the mean densilies observed m sera 
from the coiiitrol group of healthy individuals (n = 50). The 
S values :were densities of >0.04 for the B.4 and B.6 bands, 
S o4 for fti B.10 and 3U bands, £0.l5 for the C17 band, 
and >0.15 fi'i the SS-kDa band. ... 

Based on the Western blot assay, the r?a<=tiv:ties of the e 
antigens to a panel of active-TB serum specunens are shown in 
ffie 3 Pertentages of reactivities and positive and negative 
ptSe V I ues for each antigen were calculated based on 
from i ected individuals (n = 48; P-jtoo^^^'J^.^^" 
tranulmoniUT TB) and sera from the control group of healthy 
ffiSals 1 = 50), with a P value of <0.05 The specito.es 
SrX B.4 B.6, B.10. B.M, C17, and 38.kDa recombfaant 
antigens ar i?94. 88, 100, 96. 90, and 98%. respectively. M of 
Ke^i^bliDant TB antigens showed substantial reactivity to 








^^^^^^ 



p) Mgllili« control conshrtng of pl»que« of nonrecombinflnt phages. Ar- 
row indicaisi plaques containing positive recombinant phage. 
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TABLE 2. TB antigens genes which were cloned and 
expressed in pQE30* 

~ nicoretical": 



AntigtsTi 



Size of gene 
(kb) 



Molecular mpss 



B.4 

B.6 

B,10 

B.M 

C17 



1,617 
1.560 
0,903 
0.432 
1.161 



55.8 
55.0 
32,9 
16.1 
37.5 



^ The rcsuUant recombinant protdns will be approjdmatBly 1.4 w 1-5 JcDa 
larger than the thcoTctical molecular mass shown, due to the histidme tag at Uie 

^ic^t!?hccl using the software ^Compute pI/Mwt" from the ExPASy home 
page, Swiss Institute of Bioinformatics, Geneva, Switzerland. 



active-TB specimens, both pulmonary and extrapulmonary. 
The B.4 antigen was reactive with 58.3% of the active-TB 
panel, compared to 37.5% detected by the known 38-kDa 
antigen. In addition, the B.4 antigen showed reagtivity to 
27.3% of the inactive-TB specimens compared to odier TB 
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antigens, whlnh exhibited lower percentages of reactivity to 
these specim«ins (Table 3), The B.6 antigen was ^o^^d to ex- 
hibit specific reactivity to pulmonary-TB specitnens (^,4%) 
compared to Rxtrapulmonary specimens (5%) (Fig, o). All the 
other antigeiifi were able to detect antibodies in both pulmo- 
nary- and exltapulmonary-TB specimens. 

DISCUSSION 

A number of M, tuberculosis antigens have been identified 
and charactfiitnzed by various methods employing .polyclonal 
antibodies fiom rabbits or moaoclonal antibodies (MAbs) 
from hybridcsnas generated from immunized mice. Such anti- 
bodies were used widely for identification and purification of 
protein antigens by affinity cliromatography (22), immuno- 
screeoing of Dlones from DNA libraries of Af. tubewuhsis (24, 
37) and anal lises of total-cell lysates or secretory protems from 
culture mcdi lim by both one- and two-dimensional gel electro^ 
phoresis (Id .-32), Tmmunogenicity in animals (e.g., mice or 
rabbits), hov.i?ver, may not reflect relevance to human immune 
responses. Tlius, attempts were made to search for candidate 
seradiagnosllc antigens by direcQy testing mycobacterial pro- 
teins with ti iberculous-patient sera on iramunoblots of one- 



5.12 
5.03 
4,95 
5.00 
9,43 



M 1 
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... 

ill: 




(pK 4.5). The bulk of the recombinant proteins were observed to be cluted In fractions E2 and |.anow). aji uic gcis were 
except for CI 7, whkh was silver stained. 
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awndards; 1. B.4; 2, B.6; 3, B.lO; 4. BM\ 5, 38-kDa protein; 6, C17. 



dimensional and two-dimensional separations of antigenic ex- 
tracts or cylture filtrates of M, tuberculosis HSTRv (4, 26). 

In tliis study, we used antibodies present in the sera of 
infected individuals to screen total-celi lysates and a phage 
expression Ubrary of K tubeirulosis DNA. To date, there is no 
single immunodominant species-specific antigen for detection 
of tuberculosis. We have chosen to use pooled sera from sev- 
eral infected individuals to allow identification of several im- 
munoreactive antigens reactive to antibodies present in each 
serum. In addition, the M, tuberculosis genome database com- 
pleted by the Sanger Centre (12) allowed for the rapid iden- 
tification of these immunoreactive antigens by homology 
searches against available protein and gene databases, which 
also facilitated the identification of these gene sequences for 

cloning, . , ^ 

We have successfully identified and characterized five anti- 
gens using a Western blot total-cell-lysate approach; of these, 
the B.6, B.lO, and C17 antigens are novel and showed high 
degrees of nucleotide Identity to unpublished K tuberculosis 
H37Rv genes. Based on DNA sequencing results, the B.6 an- 
tigen gene was found to have 99% nucleotide identity to a gene 
codmg for a protein witli homology to exported proteases or 
peptidases. The B.lO antigen exhibited 99 and 98% nucleotide 



identities to tifie Af. bovis acyl coenzyme A (CoA) synthase 
(accession noi. U75685) and mycocerosic add synthase (acces- 
sion no, M95!li38) genes, respectively. The C17 antigen exbib- 
ited 99 to 10d% nucleotide identity to a gene coding for PE- 
PGRS (polytritjrphic GC-rich repetitive sequence) proteins, a 
member of (proline-glutamic acid) families of clustered - 
genes coding j'or glycine-rich proteins which may have immu- 
nological andi^patho'genic Implications (12), 

The B.4 artigen exhibited 99.8% amino acid and 98.9% 
nucleotide setiivence homology to the Cpn-60 protein reported 
by Kong et il (18). The diagnostic potential of a 65-kDa 
protein (also ji Cpn-60 family of heat shock proteins) by both 
serological aij'd PGR methpds has been demonstrated (28). 
The B.M antij|;en has 99% nucleotide identity to the reported 
M tuberculosiv 14-kDa antigen gene (accession no. M76712) 
and the gene ]or the 19-kDa major membrane protein purified 
from the vinil^nt Erdman strain of M. tuberculosis (21). The 
serological v4iue of this l9-IcDa antigen was shown by 85% 
reactivity to {i panel of 56 sera from individuals with active 
pulmonary Tlli (9). 

Antigens o| diagnostic importance for M. tuberculosis iden- 
tified to datQ include tfie 65-, 45-, 30/31-, 19-, and IZ-kDa 
proteins and iihe 38-kDa lipoprotein (9, 11, 14, 36). Among 




FIG. 5. ImTnunoscrecm'ng of recombinant TB gnrigens by a Wesum blot assay. Ajtows indicate th^- positions of rccoirbinant an^5^»^J'"Jj';;^^^^^^ 
strip was ^irob^d^riTdlffcrem semm Epwimens. A strip was probed with anU-ROS His (H) to indicati. the pomion of protein on the blots. TTie posldve control (+) 
Is represented by a rtrip probed with a known ierum specimen which is reactive to the epedflc recoTifliinant antigen. 
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TAB1£ 3. Reactivities and positive and negative predictive values 
of recombinant TB antigens against different sem panels 



Antigen" 



Reactivity ( %) of sera from: 

— — Active. Inactive- Ung PPV* NPV^ 

Healthy ^ XB cancer (%) (%) 

controls ^j^jjjg p^^enta patients 

(rt-^SO) ^^^^^ („^22) (n-19) 



B.4 
B.6 
B.10 
B,M 
C17 



6.0 
12,0 
0 

4.0 
10.0 



38-kDa antigen 2.0 



58,3 
29.2 
35.4 
20.8 
22.9 
37.5 



27.3 
9.1 
0 

4.6 
0 

9.1 



10.5 
5.3 
5.3 
0 
0 

10.5 



90,3 70.2 

70.0 56.4 

100.0 61.7 

83.3 55.8 

68.8 54.9 

96.6 71.0 



« Alcncwn 38.kDB antigen (GcnBank accession no, M30046 [2]) ot luber^ 
cu!osis was included in the acrcening. 
*■ PPV, positive predictive value, F > O.W- 
* NPV, negative predictive value, F > 0.05. 



these, the 38-kDa protein was shown to be the most specific 
and sensitive for detecting antibod es against M. tu^r^^^ 
and is specific for TB complex species (35). As sue*, we have 
chosen to clone find express this antigen to be "sed in hnmu- 
nosaeening against the serum panels for companson with ow 
reoinibinalt TB antigens. This 38-kDa antigen was eiq^ressed 
asTbsoluble protein in the pQE30/£. system; similarly, 
Singh et al. reported the expression of this SB-kDa anugen as 
an insoluble unfused protein in E, cob (31). 

We have chosen the Qiagen expression system for clomng 
and expression of the TB antigens. Each expressed recombi- 
nant protein contained anonimmunogemcSX His teg at tiieN 
tcnmnus which could be immunodetected by anti-RGS His. A 
substanUaUy low expression level was observed for the C17 
orotein. This may be due to the codon usage of this protem, 
which is rich in proUne (46.6%), as it is reported that tlie 
expression level of a gene decreases with an increase in the use 
of rare oodons (17). In addition, the Kyte-DooLttle hydrppativ 
plot revealed that it Is very hydrophibc, which explains the 
soluble nature of this protein (19). As most of the recombmant 
antigens were insoluble, we have chosen a Western blot assay 
for preliminary screenhlg against serum specimens. 

Immunablot assays using human seia were described previ- 
ously for analysis of HPLOpurifled 45/47-kDa antigen com- 
plex (15). Rovatti et,al. reported a seraujuanQtativc Western 
blot serological test to identify PPD-posiuve mdividuals, usmg 




R«wnibln«ntTB •ntlflBn* 



FIO. 6. Graph ahowins peiceotages of reactiviqr for the reeottrtilowt TO 

senin mSimeitf. TTic B.6 .otigen detected «ntibod.«ln °f »he p»lmo- 
nan^Bitnpared to onhr 5% of the extrapulmotiaiy-TB senim speomenj. The 
^Tof ttir-tBatrtigeM did not exhibit wch tigniflam differeatiaaoa of reactivity 
between the two tertiin panelt. 



a discrimlnat«i! score for the K bovis BCG »t>E«^^Mmplex 
A60 against MtAbs (25). In our immunoblot fsay ^tem. we 
used affinity-pifrilied recombinant proteins to ^etectant^Jodies 
in serum spelfimens and have included the ^own 38.H)a 
lipoprotein adi a control for our pur^caUon fnd JVe ^rn Wot 
assay system, jp^ou et al. reported the use oi^^^^^^ f ^ 
rapid membrHne-based assay that gave a ^P^^^^J'l^^^' 
wiy close to our in-house immunoblot assay of tiie 38-)iUa 
protein, whidii gave 98% specificity (38). The 38-kDa anhgen 
^s included b the assay system as a further control for spec- 
ificity and seiii^itwity. This was further compared to a commer- 
dally avaUabJit diagnostic test kit which uses tjvo on| 
of vJhich is t||ie 38-kDa antigen. All 13 of the 18 active IB 
SrT speciniM that tested positive with the 3f;!^a pro^n 
to OUT Westeftii blot assay also tested positive with the kit. Tlie 
percentage o|! specificity of the SS-kDa antigen m this assay is 
SompUle 1^ ^t Witt, the kit (98 and 10P%. «f 

Data anal^s from our assay system Indicated that the B.4, 
B 6 B.IO. B."i!il C17, and 38-lcDa recombinant antigens reacted 
with antibodfe in serum specimeqs of TB-infccted md viduate^ 
The reactiviiilles were sufBdehtly differentiated from those of 
serum specijJilens from healthy individuals and from mdmduals 
with inactivfl:!TB or lung cancer. Screening of the same serum 
panels using :two commercially available TB diagnostic kits of 
hlEh spedficiity indicated the presence of immunologically spe- 
dlc antibodlifes reacting to these TB antigens (submitted for 
DubUcation).''Reports have also shown that other recombinant 
Mtieens did Ihxhlbit low levels of cross-reacttvities to sera from 
healthy indlMiduals, which may be due to aoss-reactive epitopes 
or an^oguedito other bacterial proteins (8), To circumvent this 
ptoblenC thii; use of MAbs with recombinant antgens in com- 
petition wit)' lipatlent sera as a test assay was reported to give a 
high degree i>f specificity (10). Alternatively, we have to furOier 
optimiK thdil immunoblot assay to decrease cross-reactivities. 

In concluiilon, we have demonstrated the identification and 
cloning of fiil^e TB antigen genes for expression m an £ cob 
system and iiihown the potential of each recombmant anGgen as 
a serodiagn«Btlc marker for detection of TB infections. We are 
in the proctijps of validating tlie diagnostic utility of these an- 
tigens in vaiiious test formats, 
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